Background: The National University Hospital, Singapore routinely undertakes standardized Hand Hygiene auditing with results produced by ward and by staff type. In 2010 concern was raised over consistently low compliance by nursing students averaging 45% (95% CI 42%-48%) prompting us to explore novel approaches to educating our next generation of nurses to improve their hand hygiene practice. We introduced an experiential learning assignment to final year student nurses on attachment to NUH inclusive of hand hygiene auditor training followed by a period of hand hygiene observation. The training was based on the World Health Organisation (WHO) "My 5 moments for hand hygiene" approach. Upon completion students completed an anonymous questionnaire to evaluate their learning experience.
Background
The importance of hand hygiene in the prevention of healthcare-associated infections (HCAIs) is not disputed. Hand hygiene is recognized as the single most important element of strategies to prevent HCAIs [1, 2] . Essential components for improving hand hygiene compliance rates are monitoring and providing timely performance feedback to health care workers [3] [4] [5] [6] . The National University Hospital (NUH) is a 1000 bed tertiary referral hospital in Singapore. In 2008, NUH escalated its hand hygiene efforts with respect to education and institution of standardised auditing. The World Health Organization (WHO) hand hygiene improvement strategy [1, 7] was adopted and included hospital-wide direct observations and regular performance feedback to all medical and nursing staff. Results are provided every quarter via emails to all clinical areas, hand hygiene champions, doctors and nursing staff. Results are presented by infection control staff and clinical hand hygiene champions at various hospital platforms including ward-based and hospital administrative meetings and annually at the hand hygiene day hospital-wide event [5] . Throughout 2009 hand hygiene compliance amongst nursing students on clinical attachment to NUH was consistently poor averaging 45% (95% CI; 42%-48%).
Routine audits have been in place since 2008 and capture approximately 800 observations/month hospitalwide. Each discipline and ward receives its own compliance rates via email and these are posted on dedicated display areas in all wards. Results on individuals are not captured. Staff are subject to regular efforts to encourage hand hygiene compliance. This approach did not change throughout the study period. However, given the low compliance rate in nursing students we introduced an intervention to improve hand hygiene compliance for this group.
Our target population was 398 third year nursing students from three nursing schools for pre-registration consolidation placement (PRCP) and transition to practice (TTP) posted to NUH. Although infection control principles including hand hygiene requirements are integrated into the curricula via traditional didactic teaching methods, students still poorly complied with the WHO "My 5 Moments for Hand Hygiene" [8] in the clinical environment. Through experiential learning we aimed to improve the appreciation of the importance of hand hygiene and therefore compliance.
Methods
A multi-disciplinary team was formed comprising infection control physicians and nurses and the nursing education team. It established an approach to promote better hand hygiene practice among nursing students as well as to drive an innovative learning experience based on previous positive results with medical students [9] .
A hand hygiene auditor training programme was incorporated into the orientation programme for final year nursing students as part of their PRCP for diploma students and TTP for degree students.
Audit trainers were infection control nurses who were trained in hand hygiene observation. The training program was based on the WHO "My 5 moments for hand hygiene" approach [1, 7, 8] . Each training session required one hour and included lectures and practical auditing using the WHO video tools [8] . Students were also trained to document observations from the video by using a standard audit tool. The training video was chosen by the trainer. Students completed the audit form whilst observing all five indications for hand hygiene and the trainer marked the audit form according to the answer sheets. Students were required to achieve 9 out of 10 answers correct (90%) to be deemed certified auditors. If they were unable to achieve 90%, then the trainer provided them with another 10 opportunities. This cycle was repeated until 90%was achieved.
After successful completion of hand hygiene auditor training, students were instructed to observe 20 hand hygiene opportunities of HCWs over 30 minutes during their clinical attachment. Students were required to submit their audit forms and then complete an anonymous 7-question evaluation rating their learning experience using a 4-point Likert scale.
Ethics approval was not sought as direct observation is considered gold standard for hand hygiene audits [5] and have been routinely practiced and accepted at NUH.
Statistical analysis
Data was aggregated as a monthly average and coded to reflect compliance during the pre-intervention, intervention, and post-intervention period. For visual brevity and comparison with quarterly hospital-wide indicators, student nurses' compliance was plotted by quarters and two-period moving averages produced. The quarter in which the study intervention occurred was excluded to isolate pre-/post-intervention effects on mean compliance which was expressed as relative risks using the Chi-square test with 95% confidence intervals estimated. Linear mixed model was also used to obtain difference in compliance percentage points with 95% confidence intervals estimated. A p value of <0.05 was taken as significant.
No other interventions occurred concurrently and the Infection Control Link Nurses (ICLNs) located on every ward were unaware of the nursing student efforts.
Results
Between July and September 2010, the hand hygiene preintervention phase commenced and included 398 final year nursing students. Mean compliance of all nursing students in the post-intervention period (October to September 2011) was 64% (95% CI 61%-67%) or 646/1009. These results show a 50% greater likelihood to comply with hand hygiene compliance (RR: 1.5, 95% CI 1.3-1.6, p<0.001) from the pre-intervention mean compliance, 43% (95% CI 39%-47%, 239/555) ( Table 1) .
When compared to hospital-wide indicators on nursing staff 's hand hygiene compliance, nursing students in the study registered 16 percentage points less compliance pre-training (see Q1 2009 to Q2 2010 in Figure 1 ) and decreased to 10 percentage points less compliance post-training. The difference between full-time nursing staff and nursing students was significant but not large p=0.022 (Table 2) . Nursing students' hand hygiene compliance post-intervention was not significantly different to the average hand hygiene compliance of other healthcare workers (p=0.204).
368 (92.5%) students completed the anonymous questionnaire. Almost all students (98%) agreed that "the auditing experience has given me opportunities to observe how infections could be transmitted in the hospital". The same number agreed that the audit experience had enhanced their hand hygiene practice. More than 94% of students would like to be advocates of hand hygiene. 97% of students recommended more nursing students be involved in hand hygiene audits as a learning instrument. Students also expressed that:
"Through the exercise of audit it has given me a greater awareness about hand hygiene in the clinical setting", "Good opportunity for students to better understand importance of hand hygiene and constraints with regards to audit", "It was fun to do the hand hygiene audit and I was more aware of infection control after this audit experience", "It is a good method of experiential learning. We get to put into practice what we have learnt through the audit observations"
Discussion
Internationally, students have been reported to have low rates of hand hygiene compliance [10] . This was consistent with our baseline data at NUH therefore we considered novel methods to educate our future nurses to improve their hand hygiene practice. To improve hand hygiene compliance, it is recommended to use multi-modal approaches through a combination of education, workplace reminders and continuous performance feedback [2] [3] [4] [5] [6] . Experiential learning is a commonly used (yet still potentially underutilized) learning process in the clinical setting which links education, work and personal development. The distinguishing features of experiential learning includes reflection and transforming of knowledge and meaning that occurs when students reflect on their personal experiences [11] . Individuals have different learning styles and incorporating a range of learning theories, concepts and approaches can serve to build and create an effective learning environment.
Historically, nursing was taught on-the-job. However, within the past decade nursing has entered tertiary institutions and has necessarily reduced student exposure to the clinical setting. Incorporating experiential learning into clinical situations allows students to gain personal practical knowledge previously harvested during pre-tertiary training and closes the increasing theory to practice gap. Nursing staff generally prefer visual or kinaesthetic learning [12] and with the current nursing programs providing less clinical time there is a danger that their learning needs are not being met.
The influence of other HCWs as role models for nursing students should not be underestimated [13] . Allowing nursing students to observe other HCW helps them to understand failures in fundamental practices such as hand hygiene. This understanding may assist nursing students to improve personal practice and disregard poor habits exhibited by senior staff once they commence full-time practice.
It is unlikely that the improvement in hand hygiene compliance by student nurses was due to the Hawthorne effect. Auditors make efforts to be surreptitious and there has been no change in our approach to audits since 2008. However, it is possible that our education initiative made nurse students more aware of the routine auditing practice and that this served as motivation to improve compliance; nevertheless a good result.
Major implementation challenges included coordinating the large volume of students on clinical attachment and the logistical arrangements with various departments for auditor training. Hand hygiene audits are an imperfect measure of the benefits of the programme which is why we attempted validation via an anonymous survey. The intervention is very low risk consuming around 3 hours of a student's time during their total course and our evidence strongly supports the hypothesis that it improves hand hygiene compliance in this group.
Study limitations include the limited number of audits completed due to the sample size. Furthermore, the exercise was conducted within only one institution although this intervention was able to be adapted to the needs of three nursing schools.
As this is a real-life observation with real-life lessons for the observer, in theory this could be valuable and reproducible in any number of settings internationally and can be sustained with the support of all stakeholders.
Conclusion
Continued collaboration between nursing schools and clinical training sites is needed to ensure the hand hygiene auditor program remains part of the core content of nursing programs. Essential to the continued success is the support and commitment from all levels of hospital leadership and nursing faculty with recognition of the importance of hand hygiene and its role in reduction of HCAIs.
We introduced a novel educational "hands-on" programme in keeping with modern adult learning techniques. Applying this to a group underperforming in hand hygiene compliance has shown significant benefit. The simplicity of the approach suggests that it could be adapted to other settings irrespective of culture and resources.
Innovative approaches need to be regularly considered to keep the overall hand hygiene program momentum. Future research could involve measurements of these participants' hand hygiene behavior in years to come to evaluate whether this experiential learning has maintained its benefits in the longer term.
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